Abstract. In this paper, the performance of homogeneous cellular networks (HMCNs) and heterogeneous cellular networks (HTCNs) is evaluated and compared. The HTCN discussed in this paper consists of three kinds of cells: macrocells, microcells and femtocells. The macrocells are evenly deployed. The microcells are densely deployed in the offices and public areas and sparsely deployed in the universities areas. The femtocells are deployed in the residential areas. And, a user mobility pattern is defined to model real communication environment. Our simulation results show that the HTCN requires less power (in Watt/km 2 /Mbps) and achieves higher throughput compared to the HMCN.
Introduction
There are rising concerns about energy conservation in information and communication technology (ICT) field. ICT contributes approximately 2% of global carbon emission and it is predicted to reach 2.8% by 2020 [1] . Among ICTs, the base stations of cellular mobile networks are the most energy consuming component that consumes about an average of 25MWh per year. Millions of base stations are deployed and they will be increased in developing regions. Therefore, the efforts to suppress base stations' power consumption are desperately needed. Besides environment friendly aspect, reducing power consumption of the base stations would also advantage the network operators by lowering the operators' expenditure. The efforts to reduce the power consumption of cellular networks coined the trendy term "green cellular network". The continuous demand of higher data rate is considered to be the main reason of increasing energy consumption in cellular networks. Users' traffic growth could reach 400% per year, for both data and voice traffic [2] . Therefore, on one hand, the service providers need to reduce the energy consumption of the cellular network, but on the other hand, they also have to meet the demand for higher data rate.
Various strategies have been proposed to reduce power consumption in cellular networks. In [3] , two approaches are mentioned; one is by utilizing energy-aware components in the base stations and the other is by employing energy-aware network deployment. Detailed discussions are provided in a survey paper [4] , which categorizes the energy saving solutions into architectural, network planning, and system design approaches. The architectural approach focuses on energy saving in the base stations, such as cooperative base stations and renewable energy sources implementation. New technologies, such as cognitive radio and cooperative relays, are considered in the system design approach, in addition to energy-aware communication protocols, resource management, cross-layer design, etc. This paper is especially attracted to the network planning approach, which is about the deployment of heterogeneous cellular networks (HTCN), since it is a promising candidate to achieve both energy conservation and higher data rates.
The straightforward method to increase power efficiency is by decreasing the propagation distance, since it will reduce the transmission power. Therefore, the deployment of smaller cells forming a heterogeneous network is a promising solution. The common base stations of large area coverage, called macrocells, are mainly designed to cover a large transmission area rather than to provide high data rates. While the base stations of small area coverage, called microcells, are low power base stations capable to handle dense traffic. Also, smaller cells could utilize higher frequency bands, allowing them to support high data rates. Moreover, smaller cells encourage spectral efficiency by increasing spatial frequency reuse. In this paper, HTCN consisting of macrocells, microcells and femtocells is introduced with a user mobility pattern and it is compared to the homogeneous cellular network (HMCN) of macrocells only in terms of energy efficiency and system throughput.
The rest of this paper is organized as follows: Some related works are summarized in the following section. A HTCN is presented as a design under test with a user mobility pattern. The performance of the HTCN is evaluated and compared in Section 4. Finally, conclusions are covered in Section 5.
Related Works
To the best of our knowledge, the works on HTCNs consider either joint deployment of macrocells and microcells (picocells) or joint deployment of macrocells and femtocells, without the consideration of the three of them deployed simultaneously. In this paper, the HTCN consists of macrocells, microcells and femtocells. Also, a user mobility pattern is included to model real mobile communication environment. There are many works proposed in the field of cellular networks energy conservation. Some of them concentrate on the deployment of heterogeneous cellular networks or small scale cellular networks. The work in [5] studied the energy efficiency of joint macrocells and picocells network. It concluded that joint deployment strategy could reduce the total energy consumption in urban areas by up to 60%.
The energy efficiency of cellular networks with femtocells is studied in [6] . It presented an energy consumption modeling framework where the base stations have three states, those are: 'turn-off state', 'radio-off state' and 'radio-on state'. Each state represents different energy consumption. The simulation results in [6] showed that as femtocells penetration rate is increased, the normalized energy consumption per cell is decreased; as the number of open access mobile nodes is increased, the system throughput is increased. In [7] , simulation-based case studies of macrocells offloading benefits in UMTS (Universal Mobile Telecommunications System) and WiMAX (Worldwide Interoperability for Microwave Access) networks are presented. Both results support femtocells deployment in macrocells. However, those works stated above excluded user mobility or did not consider user mobility into their simulation. There is one work that considered users movement [8] , where the macrocell users moved at a walking speed of 1 m/s. The work also introduced an idle mode for femtocells based on user activity detection.
Recently, the authors in [9] proposed a novel design of cellular networks, which is called "small-cell networks (SCNs)". SCNs are defined as cellular networks with very dense deployment of self-organizing, low-cost, low-power base stations. It is believed that SCNs are both cost and energy efficient solution to meet the forecasted traffic growth. However, it is also recognized that the realization of SCNs will encounter considerable challenges, especially because the conventional cellular networks have existed for a long time with enormous number of large-coverage base stations (macrocells) deployed all around the world. Since replacing those base stations with "small-cells" is supposed to be highly unlikely to take place in the near future, the possible target of SCNs would be the regions where cellular networks are not deployed yet.
A Heterogeneous Cellular Network: Design under Test
Network providers planning to expand their service in a new area should consider the base station deployment strategy in order to minimize the power consumption. There are some options, namely, (1) to employ a small number of macrocells with high transmission power, (2) to employ a large number of microcells with low transmission power, or (3) a combination of both creating a HTCN. Since smaller cells consume less power, the deployment of smaller cells is encouraged with respect to energy efficiency. Typical coverage of a microcell is a few hundred meters. Smaller coverage in order of a few meters of indoor area can be achieved in femtocells. Usually, microcells are deployed in addition to the existing macrocells in the areas with high traffic, while femtocells are deployed in indoor areas to provide indoor 3G (3rd generation mobile telecommunications) coverage. According to the case study [1] , femtocell deployment could result in 7:1 operational energy advantage ratio compared to macrocell networks for similar service.
In this paper, the HTCN contains macrocells, microcells and femtocells, with the topology as shown in Fig. 1(b) . The HTCN is compared to HMCN with the topology as shown in Fig. 1(a) . A network area can be divided into three kinds of regions: office and public places (O), universities (U), and residential (R) as shown in Fig. 2 . In the HTCN, microcells are deployed densely in the O regions and sparsely in the U regions, while femtocells are deployed distributively in the R regions. This consideration is taken to model real operation condition, where many mobile users exist at the same places at the same time.
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Fig. 1. (a) A homogeneous cellular network and (b) A heterogeneous cellular network

Fig. 2. Three kinds of regions in a network
A user mobility pattern is adapted on the basis of usual human mobility in daily life. By using this mobility pattern, the performance study is expected to be more realistic compared to random mobility pattern. Moreover, in HTCN, the users' location is especially significant to determine which base stations should provide service to certain users, and to clearly compare dense populated areas with scarce ones. In the proposed user mobility pattern, the overall population of mobile users is divided into 3 classes labeled A, B and C, and their mobility is defined according to certain time slots as follows (illustrated in Fig. 3 ):
• 40% of total population: users A. They start from area R, and then move towards area O and stay there or move around for some time. After that, some of them move around area O before move back to area R or directly return to area R and stay until the end of simulation time. Users A reflect office workers.
• 30% of total population: users B. They start from area R, and then move towards area U and stay for some time (lower than users A stay time in area O). After that, they move around area O before move back to area R or directly return to area R and stay until the end of simulation time. Users B reflect academics.
• 30% of total population: users C. Some of them merely stay in area R, and the rest of them move towards area O and then return to area R and stay until the end of simulation time. Users C reflect the rest of the population not belonging to class A or B, such as housewives.
Fig. 3. User mobility pattern
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Performance Evaluation
Simulation Environment
To compare the performance of HMCN and HTCN, a simulation is conducted with the settings as shown in Table 1 . The HMCN contains macrocells and mobile users, while the HTCN contains all elements of macrocell, microcell, femtocell, and mobile users. The type of macrocell, microcell, and mobile nodes (handset) are the recent technology UMTS base stations, UMTS microcells, and UMTS/3G mobile phone, respectively, whereas the femtocells are assumed to be compatible with that technology. The numerical parameters are adapted from the reference papers. All network elements, except macrocell, have sleep mode, which is to turn off some electronics equipments when there is no traffic to serve. Despite there are some works proposing idle/sleep mode for macrocells, the real adaptation of such a system is not exist yet. The microcells, femtocells, and mobile nodes are assumed to have idle/sleep mode by default. Therefore, macrocells consume power equal to its total power consumption (1.85 KW) all the time. Based on the power consumption distribution in base stations [4] , the proportion of power consumed in idle mode and sleep mode are defined. In the sleep mode, only the power supply is needed, which takes 7.5% of total power consumption. In the idle mode, air conditioning is turned on, which adds 17.5% of total power consumption, resulting in 25% of total power consumption. Both settings are applied for microcells and femtocells, while mobile nodes have only sleep mode which consumes 0.017 W. The traffic is voice traffic [10] which divided into 2 types: normal traffic and femtocell traffic. The normal traffic is executed between random pairs of source and destination, whereas femtocell traffic is executed between source nodes that possess a femtocell to random destinations. In the normal traffic, the simulation time is divided into 3 phases. At the first and third phases, the traffic is low (10 sessions, i.e., 10 pairs of caller and receiver) and at the second phase, the traffic is high (35 sessions). These specifications are to model high traffic during the noon or working hours. The femtocell traffic is moderate (6 sessions out of 12 femtocells) and constant. In the simulation, both normal traffic and femtocell traffic are applied simultaneously. Our simulation is performed on Network Simulator 2 (NS-2) [11].
Simulation Results and Discussion
In our performance study, normalized power consumption, which is power consumed by each base station divided by its coverage area, is primarily taken into account. Throughput is also observed in terms of user data rate, and normalized power per throughput is evaluated and compared as a combined metric of power consumption and throughput. Since the macrocells do not have neither idle mode nor sleep mode, one could predict that the HTCN, with more network elements added, would result in higher total power consumption. Fig. 4 For that reason, HTCN is able to achieve higher data rate in energy-efficient manner. Moreover, the microcells and femtocells of HTCN are found to be underloaded. In dense traffic, HTCN is expected to achieve higher throughput than HMCN. 
Conclusions
In this paper, we have studied the performance of HTCN and HMCN, in terms of power consumption and data rate (throughput). HTCN consists of macrocells, microcell and femtocells, whereas the HMCN consists of macrocells only. The network area is divided into three regions and a user mobility pattern is defined to model real mobile communication environment. The simulation results show that HTCN has the potency to support higher user data rate in energy-efficient manner. However, because the macrocells do not have idle/sleep mode, the power consumption of both cellular networks is relatively high. In the future, if macrocells have idle/sleep mode, HTCN is predicted to outperform HMCN in term of energy conservation. Moreover, the simulation on HTCN's microcells and femtocells are found to be underloaded. Thus, in dense traffic, HTCN is expected to achieve higher throughput and lower drop rate compared to HMCN.
